Rotaviruses are the leading cause of severe gastroenteritis in young children worldwide, making rotavirus a good model for understanding mucosal immunity for enteric viral infections. Although much effort has focused on determining the immune correlate(s) of protection from rotavirus infection, it remains to be determined whether (i) immunoglobulin A (IgA) is absolutely necessary for protection, (ii) in the absence of IgA, other immunologic mediators can provide protection, (iii) a specific IgG subclass can mediate protection in the absence of IgA, and (iv) protection is mediated through a polarized TH1 or TH2 immune response.
Rotaviruses are the leading cause of severe gastroenteritis in young children worldwide, making rotavirus a good model for understanding mucosal immunity for enteric viral infections. Although much effort has focused on determining the immune correlate(s) of protection from rotavirus infection, it remains to be determined whether (i) immunoglobulin A (IgA) is absolutely necessary for protection, (ii) in the absence of IgA, other immunologic mediators can provide protection, (iii) a specific IgG subclass can mediate protection in the absence of IgA, and (iv) protection is mediated through a polarized TH1 or TH2 immune response.
Immune knockout mice have been used to dissect correlates of protective immune responses to rotavirus. When ␤ 2 -microglobulin knockout mice, which are deficient in major histocompatibility complex class I expression and therefore lack CD8 ϩ T cells, were infected with rotavirus, they shed virus slightly longer than normal mice but were immune to reinfection, suggesting that CD8 ϩ T cells play a role in clearance of primary rotavirus infection but are not necessary to achieve protection from a second rotavirus infection (9, 10) . When J H D or MT antibody knockout mice were infected with rotavirus, they cleared a primary infection but were susceptible to reinfection, indicating that antibody is not needed for clearance but is critical in long-term protection (9, 16, 17) . Further analyses showed that J H D mice are almost completely protected from rotavirus challenge up to 3 weeks following primary infection and are partially protected 6 weeks following primary infection (10) . Following primary infection with rotavirus, mice and rabbits show long-term antibody production and are completely protected from rotavirus challenge for at least 2 years following primary infection. Taken together, these results for small-animal models suggest that antibody is dispensable in virus clearance but is of primary importance in long-term protection from secondary rotavirus infection.
Because rotavirus infections generally remain localized to the villus epithelial cells of the small intestine, it was assumed that IgA is the most important immunoglobulin isotype in protection from challenge. Supporting this idea, titers of serum and intestinal IgA have been shown to correlate with protection from rotavirus challenge after oral infection with virus in children (6, 13, 22) and in mice (8) . However, in most of these studies, IgA was the only fecal immunoglobulin tested. In piglets, oral infection with a human rotavirus was shown to induce both IgA and IgG antibody-secreting cells (ASC) in the intestine, but protection from challenge correlated only with the number of intestinal IgA ASC as detected by enzyme-linked immunospot assay (27) . However, protection does not always correlate with IgA. Parenteral immunization with nonreplicating inactivated rotavirus and virus-like particles (VLPs) induces high levels of fecal IgG in rabbits but no detectable fecal IgA, and the rabbits are protected from challenge (3, 5) . Following intranasal administration of VLPs to mice, protection correlates with serum antibody (P Ͻ 0.001) and fecal IgG (P Ͻ 0.001) but does not correlate with fecal IgA (P ϭ 0.575) (21) . Therefore, whether IgA is necessary for protection from rotavirus infection is uncertain.
IgA knockout mice which have a deletion of the entire IgA switch region, as well as the 5Ј half of the constant region, can serve as a system to test whether IgA is required for protection from rotavirus infection. These mice have no detectable IgA in their serum or in any secretions, nor do they have detectable IgA ASC cells (11) . Higher levels of IgG and IgM are seen in serum and gastrointestinal secretions of IgA knockout mice compared to IgA normal mice, but levels of CD4 ϩ and CD8 ϩ T cells are the same. IgA knockout mice show normal clearance of a primary infection with influenza virus as well as equivalent levels of protection to secondary infection with influenza virus compared to IgA normal mice (15) . Similar results have also been seen with vaginal herpes simplex virus type 2 (HSV-2) and gastric Helicobacter pylori infections (1, 23) . In the present study, IgA knockout mice were used to determine if IgA is absolutely necessary for protection from localized rotavirus infection of the gastrointestinal mucosa.
MATERIALS AND METHODS
Virus. Wild-type murine rotavirus EC wt (P [16] , G3) was obtained from Harry Greenberg (Stanford University Medical School, Palo Alto, Calif.). A stock of EC wt was prepared in suckling mice, and the titer of EC wt in adult mice was determined to be 4 ϫ 10 7 50% shedding doses (SD 50 )/ml (21) . Plaque-purified SA11 clone 3 (P [2] , G3) rotavirus was cultivated in fetal rhesus monkey kidney (MA104) cells in the presence of trypsin as previously described (3, 5) and used for enzyme-linked immunosorbent assay (ELISA).
Animals. All experiments were performed in genetically matched IgA normal and IgA knockout mice (C57BL/6 ϫ 129 background). Mice were 1 month old at the time of primary infection. IgA knockout mice were constructed and characterized to lack IgA (11) . Briefly, targeted deletions of the IgA switch and constant regions were made in mouse strain 129 embryonic stem cells using homologous recombination. The embryonic stem cells were introduced into C57BL/6 blastocysts and inserted into foster mothers. Heterozygous offspring were bred to obtain homozygous mice lacking the IgH IgA locus.
Mice were confirmed to be rotavirus antibody free and, in the case of IgA knockout mice, IgA free by ELISA prior to infection. All mice were housed in microisolator cages throughout the experiments.
Virulent murine rotavirus challenge. Ten IgA knockout mice and ten IgA normal mice were intragastrically inoculated with 10 5 SD 50 of EC wt murine virus on 0 day postinoculation (dpi) and with the same dose of virus at either 42 dpi (five mice per group) or 10 months postinfection (five mice per group). Following both primary infection and challenge, fecal samples from individual mice were collected daily for 11 days, starting on the day of inoculation. Fecal samples were processed, stored, and tested for the presence of rotaviral antigen in fecal samples by ELISA as previously described (21) .
Sample collection and processing. Serum and fecal antibody samples were collected from each mouse 0, 42, and 56 dpi. Mice that were not challenged until 10 months following the primary infection also had serum and fecal samples collected 10 months following the primary infection. Serum was collected by tail bleed and stored at Ϫ20°C until use. Fecal samples were processed and stored as previously described (21) .
ELISAs. (i) To measure rotavirus excretion. The level of viral antigen in fecal samples was measured by ELISA as previously described (21) . Fecal viral shedding was expressed as the net optical density (OD) value (OD from the fecal sample minus the background OD from wells containing fecal samples collected on the day of challenge). To compare the magnitude and duration of virus shedding between groups, viral shedding curves of each animal were plotted, and the mean areas under the curves for each group were calculated and compared statistically. Percent reduction in shedding was calculated for each animal by comparing the area under the curve for each individual animal to the mean of the areas under the curves of the control group. Percent reduction in shedding was then calculated for each depletion group by determining the mean percent reduction of each test group compared to the control group (1 Ϫ mean area of test group/mean area of control group).
(ii) To measure total IgA, IgG, or IgM in serum and fecal samples. All antibodies were tested for specificity prior to use and found to react with only the specified isotype at the dilutions used. Ninety-six-well polyvinyl chloride microtiter plates (Dynatech, McLean, Va.) were coated by diluting the appropriate antibody in carbonate-bicarbonate buffer (pH 9.6) and incubating the plates overnight at room temperature. Coating antibodies used were goat anti-mouse IgA (Sigma, St. Louis, Mo.), goat anti-mouse IgG (Sigma), or goat anti-mouse IgM (Sigma). Plates were blocked with 200 l of 5% BLOTTO (5% [wt/vol] Carnation powdered milk in phosphate-buffered saline [PBS]) for 2 h at 37°C. Following each step after the block, plates were washed three times with 0.05% Tween 20 in PBS, using an Ultrawasher Plus plate washer (Dynatech). Serum or fecal samples were added to the plates in duplicate and diluted twofold. Purified mouse IgA (Sigma), mouse IgG (Southern Biotechnology Associates, Birmingham, Ala.), and mouse IgM (Sigma) were also added in duplicate and serially diluted twofold on each plate. One of the following conjugates was then added to the plates: goat anti-mouse IgA-horseradish peroxidase (HRP) (Sigma), goat anti-mouse IgG-HRP (Southern Biotechnology), or goat anti-mouse IgM-HRP (Sigma). The substrate used in all assays was TMB Microwell ELISA substrate (Kirkegaard & Perry Laboratories, Gaithersburg, Md.). The substrate was allowed to react for 10 min at room temperature, and the reaction was stopped by addition of an equivalent volume of 1 M H 3 PO 4 . ODs were determined at 450 nm with a Flow Titertech Multiscan Plus plate reader (Flow Laboratories, Inc., McLean, Va.).
Standard curves were plotted using the results from the purified immunoglobulins, and the concentration of immunoglobulin isotypes in a given sample was then calculated using the standard curve. For every assay, the standard curve had an r value greater than or equal to 0.95, and the OD of the antibody dilution of the sample used to determine the antibody concentration was in the linear range of the standard curve. Concentrations of each immunoglobulin isotype were determined by comparison of samples from IgA-normal and IgA-deficient mice to standard curves of purified mouse IgM (Sigma), IgG (Southern Biotechnology), or IgA (Sigma).
ELISAs to measure IgA, IgG, and IgM serum and fecal antirotavirus antibody. IgA, IgG, and IgM antirotavirus antibodies in serum and fecal samples were measured as previously described (21), with the modification that three different conjugates (goat-anti mouse IgA-HRP [Sigma], goat anti-mouse IgG-HRP [Southern Biotechnology], and goat anti-mouse IgM-HRP [Sigma]) were used depending on the isotype of antibody being measured. Antibody titers were defined as the reciprocal of the highest dilution giving a net OD value (OD with SA11 minus OD with 0.5% BLOTTO) greater than or equal to 0.1.
In vivo depletion of CD4 ؉ T cells or CD8 ؉ T cells. Mice were depleted of CD8 ϩ or CD4 ϩ T cells by administration of ascites fluid containing either rat anti-mouse CD8 monoclonal antibody (MAb) 2.43 or rat anti-mouse CD4 MAb GK 1.5, obtained from the American Type Culture Collection, as previously described (9) . Each mouse received 0.5 ml of ascites fluid intraperitoneally 5, 4, and 3 days prior to rotavirus infection, on the day of rotavirus infection, and on days 3, 6, and 9 after infection. On the day of rotavirus infection, two depleted and nondepleted IgA normal and knockout control mice were killed to verify depletion in spleen and among intraepithelial lymphocytes (IEL) by flow cytometry (9, 10) . Depletion of CD8 ϩ T cells was verified using fluorescein isothiocyanate (FITC)-conjugated anti-CD8
ϩ MAb clone 53-6.7 (Pharmingen, San Diego, Calif.); depletion of CD4 ϩ T cells was verified using R-phycoerythrin (PE)-conjugated anti-CD4
ϩ MAb clone RM4-4 (Pharmingen). Statistical analysis. Statistical analyses were performed using SPSS version 7.0 for Windows (SPSS, Inc., Chicago, Ill.). Antibody titers between groups were compared by the Kruskal-Wallis test followed by the Mann-Whitney U test.
RESULTS
IgA knockout mice have no IgA. To verify the IgA-negative status of the IgA knockout mice in our experiments, total non-antigen-specific IgA, IgG, and IgM levels were determined in serum and fecal samples from IgA normal and knockout mice that were not included in the rotavirus infection experiments (data not shown). While IgA was readily detected in the serum from IgA normal mice, no IgA was detected in the serum of IgA knockout mice. Serum and fecal samples from IgA knockout mice had elevated concentrations of IgG and IgM compared to IgA normal mice. Fecal IgG antibody was elevated in IgA knockout mice. IgA was readily detected in fecal samples from IgA normal mice but not in the feces of IgA knockout mice. These results confirm that although IgA knockout mice have no IgA in the serum or intestine, they do have compensatory changes in other antibody isotypes as reported previously (11) .
IgA knockout mice clear primary rotavirus infection. Analysis of virus clearance following primary rotavirus infection was performed in two separate experiments (five mice per group); results of a representative experiment are shown (Fig. 1) . IgA normal and knockout mice were inoculated with 10 5 SD 50 of EC wt , and clearance of virus antigen monitored in fecal samples (Fig. 1) . IgA normal and knockout mice shed rotavirus for 5 to 7 days (means ϭ 6.2 and 6.3 days, respectively), and all cleared the infection by 10 dpi (Fig. 1) . Although clearance of rotavirus infection in IgA-deficient mice appears to be slightly delayed, there was no significant difference in the mean duration of virus shedding calculated by comparing the number of days of virus shedding in individual animals. Because no significant difference was seen in the mean duration of virus shedding, onset of virus shedding, or the timing of clearance between IgA normal and knockout mice (P Ͼ 0.05), IgA is not required for viral clearance.
IgA knockout mice develop serum and fecal antibody. Antirotavirus IgA, IgG, and IgM were determined in serum and fecal samples 42 dpi (Fig. 2) . IgA normal mice had high levels of antirotavirus serum IgA and IgG but almost no IgM following primary infection with rotavirus ( Fig. 2A) . IgA knockout mice had no detectable antirotavirus serum IgA but had high levels of serum IgG and IgM ( Fig. 2A) . As is typically observed following rotavirus infection, IgA normal mice had high levels of antirotavirus fecal IgA but no detectable fecal IgG or IgM (Fig. 2B ). IgA knockout mice had high levels of antirotavirus fecal IgG but no detectable fecal IgA or IgM (Fig. 2B ). Serum and fecal neutralizing antibody responses were also determined 42 dpi (data not shown). The geometric mean titers (GMT) of serum neutralizing antibody (all isotypes) in IgA normal and knockout mice were identical (1,600). IgA normal mice had slightly higher fecal neutralizing antibody (GMT ϭ 16) than IgA knockout mice (GMT ϭ 4), but the difference was not significant (P Ͼ 0.05).
IgA knockout mice maintain their antibody response for at least 10 months. Serum and fecal antirotavirus antibody responses were also determined 10 months following the primary infection ( Fig. 2C and D) . IgA normal mice maintained stable serum IgA and IgG responses, while IgA knockout mice maintained stable serum IgG responses for at least 10 months, compared to titers at 42 dpi. Fecal antibody responses also were maintained out to 10 months after primary infection, although IgA antibody titers dropped approximately two-to threefold in IgA normal mice. At 10 months after primary infection, IgA knockout mice had significantly higher levels of fecal IgG than IgA normal mice (P ϭ 0.001).
IgA knockout mice are protected from rotavirus challenge at 42 dpi. IgA normal and knockout mice received a primary infection or were challenged with 10 5 SD 50 of EC wt at 42 dpi, and virus antigen shedding in the feces was monitored (Fig. 3) . The naive control mice (Fig. 3A and B) shed normal levels of virus antigen (means ϭ 6.5 and 6.3 days, respectively) compared to infection of younger mice (Fig. 1A and B) . As expected, IgA normal mice were totally protected from rotavirus challenge at 42 dpi (Fig. 3C) . IgA knockout mice were also totally protected from rotavirus challenge at 42 dpi (Fig. 3D) . Although the OD of all fecal samples fell below the negative cutoff in the antigen ELISA, we confirmed that the low OD readings seen in the fecal samples from the IgA knockout mice did not represent low levels of infectious virus shedding. Two processed fecal samples (100 l), from two mice, which had low OD readings were orally inoculated into two rotavirus naive mice, and virus shedding was monitored for 10 dpi (data not shown). No virus shedding was seen in either of the mice inoculated with processed fecal samples, confirming that even in the absence of fecal IgA, the IgA knockout mice were totally protected from rotavirus challenge.
IgA knockout mice are protected from challenge at 10 months. To determine if the protection observed in the IgA knockout mice was durable, five IgA normal and five IgA knockout control mice that underwent a primary infection at 42 dpi were maintained for 10 months and then challenged with 10 5 SD 50 of EC wt ( Fig. 4C and D) . Age-matched controls were not available, but five 3-month-old IgA normal and knockout mice received a primary infection on this day ( Fig.  4A and B) and shed normal levels of virus (5 to 7 days). All IgA normal and knockout mice were totally protected from rotavirus challenge 10 months following a primary infection (Fig.  4C and D) . Therefore, rotavirus infection of IgA knockout mice results in induction of a long-lived immunologic mediator, resulting in a protective memory immune response. creases in overall numbers of CD4 ϩ and CD8 ϩ T cells are not seen in IgA knockout mice (11), these cells might have been responsible for the protection seen in the absence of IgA. To evaluate the role of T cells in protection in IgA normal and knockout mice, mice underwent normal primary infection with rotavirus and were depleted of either CD4 ϩ or CD8 ϩ T cells before and after challenge with rotavirus. Depletion of CD4 ϩ or CD8 ϩ T cells was confirmed in spleen and IELs on the day of rotavirus challenge (Fig. 5) . In spleens and IELs, CD4 ϩ and CD8 ϩ T cells were depleted at least 92 and 99%, respectively. Once depletion of CD4 ϩ and CD8 ϩ T cells was confirmed, the remaining mice were challenged with 10 5 SD 50 of EC wt and virus shedding was monitored for 9 days. Mean virus shedding was similar between IgA knockout and normal mice treated identically (Fig. 6 ). Virus shedding in T-cell-nondepleted and -depleted challenged mice (Fig. 6A to C ) was compared to virus shedding in concurrently infected, previously rotavirus naive, control mice (Fig. 6D) . Mean protection from rotavirus reinfection of all groups ranged from 74 to 84%, while protection in individual mice ranged from 65 to 91%. There was no statistical difference in mean protection (P Ͼ 0.05) between IgA normal and knockout mice treated identically. Therefore, neither CD4 ϩ nor CD8 ϩ T cells mediated the protection from rotavirus challenge seen in IgA knockout mice.
It is not clear why protection in both IgA knockout and normal mice in this experiment was not 100%, as was seen in previous experiments (Fig. 3 and 4) . Additional experiments performed with IgA normal and knockout mice (data not shown) result in high levels of protection from infection (70 to 100%), but 100% protection from reinfection was not always obtained. However, since the differences in mean protection between IgA normal and knockout mice that were treated identically (rotavirus reinfection without depletion or rotavirus reinfection following depletion of CD4 ϩ or CD8 ϩ T cells) did not differ significantly, our conclusion that neither CD4 or CD8 T cells mediate protection in IgA knockout mice is valid.
DISCUSSION
IgA deficiency is the most common immune deficiency in humans, affecting up to 1 in 500 individuals in Western populations (19) . These individuals do not have increased incidences of gastrointestinal infections, possibly due to compensatory increases of IgM or IgG at mucosal surfaces. These observations from IgA-deficient humans are consistent with the results we report here for IgA knockout mice.
IgA knockout mice were developed previously to assess the role of IgA in immunity (11) . Compared to IgA normal mice, IgA knockout mice have compensatory or altered expressions of immunoglobulin isotypes (no IgA, increased levels of IgG and IgM, and decreased levels of IgE in serum and secretions) and IgG subclasses (increased IgG2b and decreased IgG3 in serum and secretions, and variable changes in IgG1 and IgG2a between serum and secretions) (11) . We used IgA knockout mice to assess the requirement for intestinal IgA in clearance of primary and protection from secondary rotavirus infection. Both IgA normal and IgA knockout mice cleared primary rotavirus infection in the same time period. The normal clearance of a primary infection with murine rotavirus seen in the IgA knockout mice is not surprising, because these mice have equivalent levels of CD8 ϩ and CD4 ϩ T cells compared to IgA normal mice (11) . Therefore, even in the absence of IgA, CD8 ϩ and CD4 ϩ T cells are likely to be fully functional to clear primary rotavirus infection (9, 10, 16, 17) .
Previous studies with rotavirus infections in knockout mice indicate that antibody is necessary for complete long-term protection (9, 10, 16), but direct studies have not been performed to determine which antibody isotypes are able to mediate protection from rotavirus challenge. In natural and experimental rotavirus infections, IgA antibody in the intestine is likely the important protective effector molecule. Following natural or experimental rotavirus infection in children (6, 13, 22) , mice (8) , and piglets (27) , serum and intestinal IgA or IgA ASC have been shown to correlate with protection from rotavirus challenge. However, in the absence of IgA due to immune deficiency (19) sence of an antibody response even when mice were depleted of CD8 ϩ T cells (2, 18) . These results suggest that protection against rotavirus infection induced by a subunit vaccine may occur through antibody-independent mechanisms. However, it is not yet clear how these results can be reconciled with previous results suggesting the necessity of antibody in long-term protection from rotavirus infection (9, 10, 16) . Further studies with VLPs are needed to determine directly whether intranasally administered VLPs induce protection by antibody-dependent or -independent mechanisms.
A role for IgM in protection from rotavirus challenge cannot be ruled out but is unlikely. Antirotavirus IgM was detected in the serum of IgA knockout mice, but rotavirus-specific IgM was detected in fecal samples from only 1 of 10 mice at the time of challenge, either 42 dpi or 10 months. IgA knockout mice have a compensatory approximately 25-fold increase in total IgM in intestinal secretions (11) , but a compensatory increase in rotavirus-specific IgM was not induced. Antirotavirus IgM antibodies or ASC have been detected in mice 10 to 60 dpi (12, 24) , but longer-term persistence of rotavirus-specific serum IgM in mice had not previously been evaluated. Our findings of serum IgM in IgA knockout mice 10 months following primary infection with rotavirus indicates the existence of a memory IgM response in IgA knockout mice. Dogma has been that affinity maturation of IgM antibody or long-lived IgM memory response does not occur. However, this idea has been challenged by recent observation of persistence of serum IgM for 2 years in mice orally immunized with dinitrophenyl-keyhole limpet hemocyanin with cholera toxin (26) , as well as results reported here. CD8 ϩ T cells can mediate total short-term (Ͻ3 weeks) and partial long-term (Յ3 months) protection from rotavirus challenge, but CD8 ϩ T cells alone provide little to no protection at 8 months after primary infection (9, 10) . Because CD8 ϩ T cells might have partially mediated the observed protection at 42 dpi, IgA normal and IgA knockout mice were challenged 10 months following primary rotavirus infection. Both IgA normal and IgA knockout mice were totally protected from challenge. Therefore, it was unlikely that the protection seen in the IgA knockout mice was due to CD8 ϩ T cells. It was also unlikely that the protection seen in the IgA knockout mice was due to CD4 ϩ T cells because CD4 ϩ T-cell-deficient mice are protected from rotavirus challenge and produce low levels of rotavirus-specific IgA and IgG (10). Our results strongly suggested that complete protection from rotavirus challenge seen in the IgA knockout mice at 10 months was due to antibody, most likely IgG.
To directly determine the role of CD4 ϩ or CD8 ϩ T cells in protection of IgA knockout mice, previously infected IgA knockout mice were depleted of either CD4 ϩ or CD8 ϩ T cells before and after challenge with rotavirus. Mice depleted of either CD4 ϩ or CD8 ϩ T cells, as well as nondepleted mice, showed equivalent levels of protection from rotavirus challenge. These results indicate that in the absence of IgA neither 
CD4
ϩ nor CD8 ϩ T cells provide a compensatory mechanism of protection. Therefore, IgG is the most likely immunologic mediator providing the long-term protection seen in the absence of IgA. Undoubtedly in normal children and animals infected with rotavirus, IgA is the mediator of protection. However, when low levels of IgA are induced such as following immunization with nonreplicating inactivated virus (5) or VLPs (3, 21; Lee et al., unpublished data) or in the absence of IgA due to IgA deficiency (19) , other antibody isotypes, in particular IgG, are able to mediate protection from rotavirus challenge.
Are our results with rotavirus an exception to the idea that IgA is necessary to protect mucosal surfaces? No, clearance of or protection from influenza virus, HSV-2, or H. pylori infections is also observed in the absence of IgA; no differences were observed between IgA normal and knockout mice infected or challenged with these agents (1, 15, 23) . Protection in all three systems was attributed to IgG alone or in combination with IgM (influenza virus) or CD4 ϩ T cells (H. pylori). The isotype of the immunogen-specific immunoglobulin response in IgA knockout mice appears to be influenced by the immunogen. In contrast to IgA knockout mice immunized with killed whole influenza virus which have elevated influenza virus-specific IgM, but not IgG, in secretions (10), rotavirus-infected IgA knockout mice had elevated rotavirus-specific IgG, but not IgM, in the intestine. The results in IgA knockout mice with influenza virus and HSV-2 are not so unexpected because IgG is known to comprise a major portion of the immunoglobulin response in the lungs and vaginal tract. However in the intestine, IgA is the predominant immunoglobulin. Our work provides the first direct evidence that IgA is not absolutely required to protect the intestine from a localized enteric virus infection and supports a role for immunogen-specific IgG in protection of this mucosal surface.
Most current rotavirus vaccine studies use serum and intestinal IgA as markers for protection; our results suggest that IgA is not the sole mediator of protection and should not be the sole marker assayed in vaccine trials. Current live attenuated or future subunit vaccines which have limited to no ability to replicate will likely induce decreased IgA and increased IgG rotavirus-specific intestinal antibody titers compared to infection with replicating virus. These vaccines may still provide protection due to the rotavirus-specific IgG or to both IgA and IgG responses in the intestine. Results from our study and others (1, 15, 23) suggest that at mucosal surfaces (small intestinal, gastric, respiratory, and vaginal), protective mechanisms other than IgA may be important and should be pursued.
